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WAVE PROPAGATION MODEL

DEFINITION OF PROBLEM

n, (r) nl

2- -2

D~sn EB=~ 0H Accession For

Find solutions of the form (modes) DTIC TAB 0

T E( r, 6) exp [a (cot - P3z)] justificatio

H Hr, o exp [j (cot - Oz)]IB
Die tributi fL/

AvalabilitY Codes
7Jarii and/or'

Dist~ Special

WAVE PROPAGATION MODEL
SLAB WAVEGUIDEI

x
z

Two independent sets of soluions: 2 0

Ey Hx IHz (TE) 1 d

Hy EX E z (TM) 3

dx2 222

Ey=A cosKx + Bsin Kx 0O5x:5- d

Ey=(A cos Kd -B sinKd) e y (x +d) x 5- d

with 8= k\2IC ? 2 yp 2 n k2

- -- ---- -- ---- - - -.~3



WAVE PROPAGATION MODEL
SLAB WAVEGUIDE

Continuity of E and H z( ) at interfaces

ON eigenvalue equation

tg Kd ) -o discrete number of
K2 -78 solutions for [3

-(X,n 1 , n2 ,n 3 ,d)

WAVE PROPAGATION MODEL
SLAB WAVEGUIDE

NORMALISATION

Waveguide characterized by

2 2v k0 d n1 -n 2  V-number

2 2 (normalized frequency or thickness)

a - n2 _ n 3  asymmetry factor
n2 .n2

1 2

Mode characterized by

= koneff
2 2l

neff -n
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WAVE PROPAGATION MODEL
SLAB WAVEGUIDE
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A. EFFECTIVE INDEX METHOD

n 1' n-1.6
3 7

0% 1.633

80% n.1.62 * 46.

90-%

95%

B. FINITE DIFFERENCE METHOD

5% W. 6-
1 O-A n1..

6 3 7

20% n. 1.
6 3 3  =

50%

80% ' n.1.
6 2  

-46±mv:

80%

35%

FINITE DIFFERENCE METHOD

BASIC EQUATION:

+ + (k E-1 2 )6 = 0

* A finite cross section is defined by enclosing the guide in a

rectangular box, where p 0 on the side walls

In this box a graded mesh is defined

J-,

4 .. -



FINITE DIFFERENCE METHOD

Continuity conditions

0D6.9 continous at boundary between S)
Dn

Substitution of the discreted form of ;; 2 and the continuity
conditions into (1) leads to :

2 . . ( 2 + 22

w(e+ww + ssw(e+w) e(e+w) s(n+s)
2 _ "--'2 ' + 2 0

n(n+s) P e(e+w) E n(n+s) N (5)

+k2 wnsl+WSs 2 +esE 3 +enE 4  p - =0
0 (e+w) (n+s) P

FINITE DIFFERENCE METHOD

Equation (5) holds for each node point P. The resultant eigenvalue

equation is of the form

[[A]-132[U]] [X] = 0 (6)

with

I] = [ 1 2 NTOT IT  (7)

[U] is the unit matrix, and NTOT is the total number of mesh points.
The matrix [A] is a real, but generally not symmetric, sparse matrix.
Eigenvalues and corresponding eigenvectors of [A] are found by a
simultaneous iteration algorithm.



BEAM PROPAGATION METHOD
TWO DIMENSIONAL

Problem :

Calculation of the propagation'of a given input field E0 (x,z) through

a medium with a refractive index n(x,z)

Assumptions :

1. Scalar wave equation

-2 E +k 2 n2 (x,z)E = 0 (1)

BEAM PROPAGATION METHOD

TWO DIMENSIONAL

2. Refractive index variation can be written as:

n(x,z) = no (x) + An(x,z) (2)

where An << n0 and n O (x) chosen so that the solutions of:

72(1) + k 2 (X) () = 0no (3)

are known eigenfunctions:

(1) (x) e'jkn z (4)

I-



BEA PROPAGATION METHOD
TWO DIMEN4SIONAL

3. Neglect the influence of the reflected fields on the forward
propagating beam :

• no large abrupt change of n(x,z) as a function of z
" no periodic reflections that add up coherently

This assumption yields for a field E(x,z) propagating in n 0

F = Bn (I)n eik nz  (5)
n=1

Boundary value problem transformed into an initial value problem

= a stepwize solution feasible

( BEAM PROPAGATION METHOD
TWO DIMENSIONAL

Assume
F

E(x, z 0 
+ Az) = s(x, z 0 + Az). e (7)

where

s(x, z 0+ Az)

is propagated in the homogeneous medium n. 0

e r is ca correction factor due to An(x,z)

E(x,z) satisfies

N72 P + k2 n2 E = 0 (8)
0
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BOUNDARY CONDITIONS}

FFT is

- discrete in both x and k x space

- limited window in both dimensions

FFT is F.T. of the periodic extension of the field

Radiation condition is simulated by absorbing region

at the edges.

(- windowing filter)



NO ABSORBER WITH ABSORBER

BPM EXAMPLE: DIRECTIONAL COUPLER

X, pm

600

.660____________

0 0 12 3 45 67 8
Z, mm

V2 X, pm
.6 _ __ _ _ _ __ _ _ _ 60.k

012 3 4 5 6 7 8 kiL
z, mm 0
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ITERATION PRINCIPLE OF THE
UNIDIRECTIONAL & BIDIRECTIONAL BPM

UNIDIRECTIONAL BPM
z

Incident transmitted

BIDIRECTIONAL SPM
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REFLECTIONS OF A GAUSSIAN BEAM INCIDENT
ON A BRAGG REFLECTOR

simulated by the bidirectional BPM at 1. = 0,864 gim

normalised 7
distance
x/X

: 0

n 1 =3.6 n1 3.6
-7

0 .4 .8 1.2 1.6
normalised distance zl2

- total field amplitude IE(x,z)l is normalised to 1

- contour lines with interval 0.1 are plotted

Cf)

OZ
zW (n

Ccl1.
/Y

C

l'-

Un X



~iAJ4L.1S IS OF 2ae1acCT'zZc. Wgc5~LHICHl .ZS 4 -PrRr~row34TtcA.'

oF A Sjm1ErR -DiCLEa7rRic 17RQC S~0 Z

--- > CoL,?LED HOZDE 7THEOIR21

-- '

LL.Tper &..r Led

C4Z

d

E~~~~~eg = iz Y L ge~~



'DRcT~o&)/1 COUiPL ER -m

x T

6

e- -d -d IZ

cASE6 pIAI'

"P~~e I alls~t -i&~I L

ki.. I"

---------------



Li~

V1

hTo E

t/1 d)In
0 c

> -C)

-, I4

A~ A
'1 Z w )

ku co

In N



Cap HmCI
0 0 

0

00

0
00

uu

w
0n



LASER DIODES
Cavity ResonanceI

Ct

~pas ______ FABRY-PEROT

g~n),ciCAVITY
apas

"L 1
L

RESONANCE :rL (n, X). (n, X) 1

roundtrip gain
FABRY-PEROT: g(n) a + .4 -In -g1-f2(amplitude)

X_ .2L. ~minteger (phase)
nr m

i~n-0.1O
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EXAMPLE: ELECTRICAL - OPTICAL INTERACTION

OPTICAL FIELDS- CARRIER DENSITYA I-

SLM LASERS

active layer

AR _grating

A-AR

DCPBH-.LASER



SLM LASERSI, i
DFB LASER

amplitude 1.2

of 1 ~phase• , , , , ,of

roundtrip roundtrip
gain / gain

I SSI I IS6i

RESONANCE CONDITION xB

PHASE: - no mode at X B
- modes symmetrically around X B

. two lines in spectrum

SLM LASERS
SINGLE MODE DFB3 LASERSI

1. ONE OR TWO NON-AR-COATED FACETS

-0- ASYMMETRIC LASER

1 2 MODES DO NOT HAVE THE SAME THRESHOLD GAIN

0 ONE LINE IN SPECTRUM

PROBLEM WITH FACETS IN DFB LASERS:

position of facets with respect to grating

can not be controlled technologically

-*- some lasers good, some bad
_ yield problem



SLM LASERS
SINGLE MODE DFB LASERSI

2.)J14 PHASE SHIFTED LASERS

AR A

P* PHASE RESONANCE ATXB

-- ONE LASING PEAK AT XB

fLONGITUDINAL SPATIAL HOLE BURNING

P(z) Internal Power Distribution in a DIFB laser
P .- jo. total forward +

JJ backward power

N(z)

o

4 n (Z) 11 stimulated recombination

Carrier distribution in the active layer

(Bragg Deviation - at threshold uniform

2- eff (Z -

o L z



EXAMPLE. UNSTABLE SINGLE MODE BEHAVIOUR DUE
TO SPATIAL HOLE BURNING

KL=3

log P L = 600 pm
-20 Output Power (d8) AR

-40 - main mode

Side mod R -=0.32 R - 0.05

-60 0 b= X _____ 
=__3___2

.04 .06 .08 .1
Injected Current (A)

Ith = 39.56 mA, Xh = .66 \.ctL = 0.25

ROUNDTRIP GAIN OF UNSTABLE DFB LASER

At threshold main Mode At threshold side Mode
i= 39.6 mA 1 70 MA

Amplitude Phase Amplitude Pnaso

1.2 -4 1.24

I:::

.6 
.. .6

1.558 1.56 1.562 1.564 1.558 1.56 1.562 1.564

Wavelength Wavelength
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